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EPR recovery curves were measured for KCr  alum and ruby with 2.7% chromium. A considerable influence of the heat 
transport properties of the bath is observed. Taking care of this influence a spin relaxation time ~ = (0.7 _+ 0.2) ms could be 
observed for ruby and a spin-lattice relaxation time T 1 oc T - t .  For KCr alum an anomalous behaviour of T i was observed 
which may be due to a phonon bottleneck. 
1. Introduction 
We investigated the relaxation behaviour of sin- 
gle crystals of KCr alum and ruby with 2.7% Cr by 
weight at liquid-helium temperatures with a pulsed 
EPR spectrometer which operates at X-band 
frequencies. At these temperatures the direct 
spin-lattice relaxation process dominates but at 
higher Cr concentrations phonon bottleneck effects 
are likely to occur and general cross relaxation 
effects also appear. Chromium concentration de- 
pendent relaxation effects in ruby and K alum 
were for example investigated by Nisida [1] and 
Standley and Tooke [2]. At the lowest Cr con- 
centrations in the spin-lattice relaxation time T~ 
was proportional to T - i  and at the highest con- 
centrations to T -2 .  This indicates that a direct 
process is effective, which is bottlenecked at the 
higher Cr concentrations. Cross relaxation effects 
were also observed. 
In a previous paper [3] we showed that heat 
conduction in the bath may have a considerable 
influence on the shape of a recovery curve and 
hence the T 1 obtained from the tail of a curve is 
erroneous. Taking T~, the thermal conductivity and 
the specific heat of the bath Xg and C s, the ratio of 
the spin and the lattice specific heat Cs/C L and the 
crystal radius r 0 into account we solved the corre- 
sponding heat transport equations numerically. In 
the case that Cg---> 0 a recovery curve can be ex- 
pressed as a sum of two exponentials. By compar- 
ing measured and calculated curves we obtain T 1 
and Cs/ C L. 
2. Experiments 
Experiments were performed with crystals hav- 
ing an effective diameter of 2 to 3 mm. They were 
mounted in a cavity which could be filled with 
helium gas and by changing the pressure, Cg could 
be varied. The cavity was immersed in liquid he- 
lium in order to obtain the appropriate bath tem- 
perature. Recovery curves were measured as a 
function of bath pressure, temperature and satura- 
tion pulse width and height. 
With ruby we performed three distinct series of 
measurements. The 1-3 high field transition was 
saturated with a 3 ms pulse. The magnetic field 
H = 2.7 kOe made an angle of 20 ° with the crystal 
axis. The bath temperature varied from 4.2 to 
1.8 K. 
In the first series the crystal was directly im- 
mersed in liquid helium. From the tail of the re- 
covery curves we obtained T 1 = 12T -1"6 ms. This 
is in accordance with the results of ref. [2]. 
In the second series the bath pressure p was 0.25 
or 0.15 Tort. The recovery curves were decom- 
posed into a sum of two exponentials (Cg~ 0). 
ms 10 
8 
6 
5 
4 
3 
T1 
l ' 
1 I 
2 3 4 5 6 8 10 
T ~ K 
Fig. 1. Spin-lattice relaxation time T 1 of ruby showing a T - i  
behaviour. 
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From the parameters thus obtained T~ was calcu- 
lated. The result is presented in fig. 1 and it can be 
seen that T t cc T -1 ,  which differs from the previ- 
ous result. A temperature run was also made with 
p = 12 Torr and using the numerical technique all 
curves could be fitted with T~ <x T-~ as above and 
Cs/ C LcE. T -3. 
In the third series T = 4.2 K and p varied from 
610 to 0.04 Tort. All curves could be fitted using 
values for T I and Cs/CL  consistent with the results 
of the second series. Hence we conclude that Tj is 
proportional to T -1  and not to T-1.6 even though 
the Cr concentration is rather high. 
In all series mentioned above we ignored the 
first few milliseconds after the saturation pulse 
because our thermal conduct ion model failed to 
describe this part of the curves. To account for 
this, we assumed that the relaxation process can be 
divided into two distinct steps. First the spin sys- 
tem comes into internal equilibrium and then the 
relaxation towards the lattice and bath comes into 
effect. In all cases the initial stage of the relaxation 
process, corrected for heat loss to lattice and bath, 
is exponential with time constant z = (0.7 _+ 
0.2) ms. The amplitude of this part decreases with 
increasing saturation pulse width. 
In fig. 2 relaxation times for KCr  alum (H  -- 3.3 
kOe and v - -9 .3  GHz)  obtained from the initial 
slope of the recovery curves are given. Four dif- 
ferent gas pressures were chosen. If p = 10 or 30 
Tort  T I =28T  -1"Sms whereas if p =0.01  or 1 
Torr, T lcc T -3. The latter result is in agreement 
with relaxation times obtained from low-frequency 
dynamic susceptibility measurements and with cw 
saturation measurements of B61ger et al. [4]. How- 
ever, it is not clear why there is such a marked 
difference between the two groups of measure- 
ments, but in this case the phonon bottleneck could 
play an important role. We observed that the initial 
slope of a recovery curve increases with increasing 
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Fig. 2. Spin-lattice relaxation time T 1 of KCr alum showing an 
anomalous behaviour; O, O, V and ®: exchange gas pressure 
p ,- 0.01, 1, 10 and 30 Torr, I-1: Lfr data, + : cw data of B/~lger 
et al. 
saturation pulsc width and height as long as the 
spin system was not fully saturated. A further 
increase does not affect the initial slope which is 
consistent with what is expected in the case of 
phonon bottleneck. 
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